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One hundred eighty Escherichia coli strains isolated from raw and cooked
dressed beef and from healthy humans were screened for resistance to each of
. nine antibiotics: chlortetracycline, amuwicillin, chloramphenicol, kanamyein,
neomyein, nalidixic acid, dihydrostreptomycin. oxytetracycline, gnci tetracy-
cline. Nearly 80% of the 98 beef isolates and 51% of the 82 human isolates were
resistant to one or more of the antibiotics tested. Ampicillin resistance was most
frequent amon,, beef isolates, and dihydrostreptomvein resistance was most
frequent among isolates of human origin. About 74% of the multiply resistant
beef strains and 85% of the multiply resistant human strains transferred all or
part of their resistances to E. coli:K-12 recipients.

Transferable drug resistance, mediated by swabs were provided by students gnfoﬂe@yin ‘bac-
piasmids called R-factors, was first demon- teriology courses. Presumptive E. coli strains were
wrated in Japan in 1959 (2). Since then, the = isolated and identified by routine “,“mho,ds} all iso-
, f R-factors has been extensively lates exhxbxtgq cyp;cal E. eoli c..ﬁmceenstxci& on
ceurrence o EMB agar, Kligler iron agar, and Simmons citrate

documented and severf\l reviews hav_e been agar. Antibiotic-resistant mutants of E. coli K12 F-
published (3, 5-8. 11). The demonstration ‘ghat (ATCC 14948 were employed as recipient strains.
R-factors from Escherichia coli isolated i§OYI'l‘ in all conjugation experiments, Mutagenesis was
animals couid be transferred to resident E. coll - performed sither by ultraviolet irradiation or by
n humans (10) has lent support to the idea that  treatment with N-methyl-N'-nitro- N-nitrosoguanidine
R-factor-bearing strains of E. coli associdted (K and K Laboratories, Plainview, N.Y.) using the
with livestock present a potential hazard to  procedure .described by Adelberz et al. (1). The
tumans., Although E. coli strains possessing mutants, designated E. coli K-12 C, E. coli K-12 K,
R-factors have been isolated from sausages (9), and E. coli K-12 NE, were resistant to 10 pg of
Lttle is known about the extent to which E. ¢cofi  chioramphenicol per ml, 50 ug of kanamycin per ml,

drains with R-factors are associated with other andM 95;; e ga‘:fdpa;ﬁ?sii;?: e f;lé;_ﬁszzg;vzg were
meat products. ‘ NP res wwer

N . . maintained on brain heart infusion (Ditco) agar slants
m’“{w study (portion of a thesis presented by  and were routinely grown in teypticase fz;;y broth

¢ senior author in partial fulfillment of the (TSB, Baltimore Biologicsl Labaratories). Penassay
rrquirements for the M.S. degree in bacteri-  (Difco) agar was used as the base in selective media
elogy at North Dakota State University) was -and in the determination of resistances according to
wade to determine the incidence of R-factor- ~ the procedure of Bauer et al. {4). The antibiotics
teating strains of E. coli in dressed beef, tontained in the multitipped disks {Consolidated
Additionally, the incidence of R-factor-bearing ~ Laboratories, Inc., Glenwood, 1lL), used for the deter-
E coli strains in healthy humans was dete: mination of antibiotic-resistance patterns, were am-

Faned {ur comparative purposes.
MATERIALS AND METHODS ein (30 ug), fxah‘dfxic acid {30 pg, ne%)m:vcin (30 ug),
Bacterial strai s ; , axytgtr'ac:ychgg (30 wg), and tetracycline (30 ugh.
Coned dr ; ?"“S' amples of hoth raw and  Ampicillin trihydrate (Parke, Davis, and Co.. Detroit,
Toreaa qm‘-‘ cef were obtained from the North  Mich,), chloramphenicol (Sigma Chemical Co., St.
State University Food Service, and fecal’ Louis, Mo.), kanamyein sulate (Sigma Chemical Ca.,
e shed with the appmcal of the Director of the North 3¢~ Louis: Ma), nalidixic acid (Sigma Chemical Co.
o gricultural Experiment Station as Journal Article Sl,' Lm“s," Ma,), stn’ptam)(;m sultate gtwutgumnal
o . Biochemicals, Cleveland, Ohiol, and etracyeline hy-
. Forsent address: Binlogy Division, Metropolitan Staze  drochloride (The Upiochn Company, Kalamazoo,
*#te, Denver, Colo. 80204, Mich.) were used in selective media at final concen-

cline (30 gg), dihydrostreptomycin t10 pg). kanamy-
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picillin (10 sg), ehloramphenicol (20 ag), chlortetracy: -
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trations of 10, 10, ; : Pt .

N 30, 100, 10, and )30 #g/ml, respec-  man isolates, was the second most ooz, »; ies of t
3 ) \ . , S ncies o
Conjugation procedure. Conjugation experi- 8!13!51;1 § beel strains. ; i s 4 Freque resistan:

ments were performed essentially by the procedure e L1 most frequent of the 21 diftes !
described by Watanahe and Fukasawa {12). Fach resistance p at't erns exhibited by beer W, b T Beef isol.
donor or recipient stran was grown in 10 ml of TSB,  47® pre;sented in Table 2. Human isalates N ; cof isolates
with shaking, for § hr at 37 C. Then, 1-ml portions of - total of 13 different resistance patterns a: : L 1 S ,
the d(.mfzr atxd recipient cultures were mixed ina tube 8 most frequent are shown in Table 3. :X*s. : | bavinng ;:‘:,,:a?:
foma}in:ing 2 m} of TSB. Aﬁe: the conjugation mix- = resistance to ampicillin was, by fér, th,‘;; ! l pents sisxanci('h
ure had been incubated at 37 C for 18 hr, samples  frequent resistance pattern among strain, ». | g fance |
were plated on selective media containing appropri-  dressed heefl. Althe nresistant v '
ate combinations of antibiotics, Controls consisted of * : ] ’ ough nonesistant b, . * { M 7100
donor and recipient cultures which were incuhated ;80 ates were moxte'frE(;ufent.than human | M : o 19431.7)
and plated separately. When conjugation was ates having a p artwul;zr.res;seance patte c T 31429
achieved, the antibiotic-resistance patterns of repre- higher p ercentage of resistant human ste, « 08 6(e6.n
S.e'?tative recombinants were determined with mul- " 1® multiply resistant {88.6%) than wen . = - | : Sy
titipped disks. sistant beef strains (53.7%). Resistance - 7 | O 32»(37-5)
chlortetracycline oxytetracycline, and ; o (851
! , 03 | tern ¢ 01
RESULTS AND DISCUSSION cline were usually concurrent, " | i} $§§33§
A total of 180 strains of E. coli was isolated All resistant isoia{es' were tested for oy ;i eem -
from dressed beef and humans. Although the 20y to transfer their resistances toappr, : -+« sthreviations, see foot
frequency of isolates having at least one resist- ?‘t}f E. coli K}zz F~ zecipients. In invta:..
ance was higher among the 98 dressed beef WPeTe DO transfer was initially achieved, pv. ;. __. . . i
isolates (79.6%) than among. the 82 human bly because the selected marker was chom. ::,' h:i(k:mé;tsj t;ﬁ;ﬁg
isolates (53.7%), resistant human strains aver- ~mal, or when all resistances were not 1 ce transt t:
< ! Strair > ferred. th . : w.. 2 we transfer was det:
aged considerably more resistances per orga. orred the experiment was repeated uu; - »n~ the trequencies at w
nism (3.933.than resistant beef strains (2.28). As e, determinants we
many as exghpres%stances were detected in a ?*Bw 2. Eleven mﬂé’timntresislanéemum vi <ansferable at high ir
single dressed beef isolate, whereas seven resist- of beef isalates - ~wird that th jugal
ances were the most exhibited by an individual . : - ‘\;r;(:;:‘liﬁ‘; ;Z?Ziat 1;
human isolate. Resistance pattem® ereing o 1 e ‘ |
. . ) strains g e
Table 1 presents the frequencies at which "2 -udering only multip!
resistance t‘o each of the nine antibiotics oc- - AM . 22 bl + -t those from dresse:
curred. Resistance to ampicillin was most €om- None 20, i 5 ae rum humans were ab
mon among beef isolates, whereas this resist- §M~S 14 b+ . s their resistances.
ance was only the fifth most commoan among A-AM.K-N-§ T-TR 1 0T w eg the most common
humag isolates, Resistance to dihydrostrep- AM-C-S e g i* el “ampicillin-dih
tomycin, the most common resistance for hu- i,lf;rs 2 ..,,'. - ¥ transferred the resi.
' o \ TUTE 2 2¢ = v iransferred only
Tanie 1. Frequencies of individual resistances ﬁg%gﬁz 2 20 . ==ptomycin. The most
Beef isolates Human isolates A A}\'f‘T TE ; by L/ human isolates.
: ~ANI- L 2 $7 L e Imetreptomycin - 0Xyte
Resistance® | No. of No.of |. - . . / ’ " “'h“::om pletel t) {
strains | Fercent strains | Fereent For abbreviations, see footnote to Table L. h (pieLely tran
stains | O smina | Foree . \ ~ ©~ steshaving that patt
Tase 8. Eight most frequent resistance pattr~ “*+ studv has demons’
2“ " o % | 107 of human isolates © 'y of transferable antibi-
||| R R e
K ° 51 5 2-9 pattern* strains | freguen® 6
N 7 39 5 | 2 R
NE 8 45 3 i f(g‘?r'm-: 2 o 1
S 42 236 3 | 225 A-AN 8 .
T 17 96 | 34 19.7 vt A B
X . R
TE 4 79 34 197 s . ; s ;
* Abbreviations: A, chlortetracycline: ATT 3 304
Al 1A, ycline; AM, am- -AM. 3 v
p\cmm:' C, chloramphenicol; K, kanamy‘cuin; N, i{; M-K-NS-T-TE 3 3&
trxeom,\:cxn; NE, nalidixic acid; 8, dihydrostrep- 2 e
omycin; yeline; i !
vein; T, oxytetracycline; TE, tetracycline. “ For abbreviations, see footnote to Table 1.
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4 Frequcncaes of transfer for individual
o resistances
*
] Beef isolates Human isolates
.-;:“‘ R No. . i
S [ aving ] G | having | gt
resis- | cictance (% | T 1 sistance (%)
tance tance
7 ] 75000 | 34 | 28(82.9)
|60 | 186LD | 18 | 100358
v 7 3 (22.9) ; é glgg.())
) 6(66.7) 100.0)
N 1 5(7L4) 5 5(100.0)
'\g-; 8 3(37.5) 3 2(66.7)
< 42 36 (85.7) 39 35(89.7)
T 17 8(47.1) 34 28(82.4)
TH 14 7(50.0) 34 28(82.4)

« ¥or abbreviations, see footnote to Table 1.

- iterent recipient strain or selective condi-
.»ns, or both. By so doing, considerably more
~ustance transfer was detected. Table 4 indi-
.aies the frequencies at which individual re-
sstance determinants were transferred; all
svre transferable at high frequencies. It should
e noted that the conjugal transfer of resistance
+» mulidixic acid has not been reported previ-
ualy.

Considering only multiply resistant isolates,
*18% of those from dressed beef and 84.6% of
ce from humans were able to transfer all or
qart of their resistances. Of the beef strains
saving the most common multiple resistance
mittern, “ampicillin-dihydrostreptomyein,”
£29% transferred the resistances completely
«d 50.0% transferred only resistance to dihy-
Snntreptomycin. The most common resistance
mttern of human isolates, “chlortetracycline-
4bvdrostreptomyein - oxytetracycline - tetracy-
-ine,” was completely transferred by 93.8% of
the isolates having that pattern. .

This study has demonstrated a high inci-
‘rnce of transferable antibiotic resistance in E.

11. Watanabe, T

healthy humans, If ingested, the R-factor-bear-
ing strains of E. coll associated with dressed

beef could give rise to serious health problems.

However, the E. coli strains already present in
the humans sampled would scem to be even
more potentially harmiul because these strains
tended to be more multiply resistant and also
were capable of transferring their resistances at
higher frequencies than could the beef strains.
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